The resistance of resting mouse peritoneal macrophages to vesicular stomatitis virus (VSV) and encephalomyocarditis virus (EMCV) can be abolished by injection of mice with antibody to interferon ox/, (1) . Further evidence that interferon was responsible for the antiviral state of peritoneal macrophages stemmed from recent experiments in which an inverse correlation was observed between the intracellular levels of (2' -5')oligo-adenylate (2-5A) synthetase activity in peritoneal macrophages and the permissivity of these cells for VSV (14) . Thus the level of 2-5A synthetase activity was high in resting peritoneal macrophages from adult mice and low in peritoneal macrophages from mice injected with antibody to interferon od/I (14) . These data strongly suggested that injection of mice with antibody to interferon resulted in the neutralization of endogenous interferon spontaneously expressed in normal mice. However, most investigators have not been able to demonstrate biologically active interferon in the peritoneal washings or tissue extr-acts of the majority of mice tested (11, 18 ; J. Galabru, N. Robert, C. Buffet-Janvresse, Y. Riviere, and A. G. Hovanessian, J.
Gen. Virol., in press).
The in vivo resistance of peritoneal macrophages to several animal viruses persists when these cells are first placed in culture. Although interferon was not recovered in the nutrient medium of suspensions of freshly explanted peritoneal cells, we could demonstrate that these cells conferred an antiviral state on target mouse cell monolayers in coculture experiments. The evidence indicates that interferon was transferred from the peritoneal cells to the underlying target cells. The The sources and activities of the different immunoglobulin preparations are presented in Table 1 .
Preparation of interferon. Mouse interferon al3 was produced, partially purified (specific activity, 107 reference units per mg of protein), and assayed as previously described (20 well. After 1 h of incubation at 37°C the cell sheet was washed thoroughly, and 1 ml of nutrient medium was added. After incubation for 18 h at 37°C in a 5% C02-air incubator, the cell-free nutrient medium was assayed for virus in mouse L929 cells.
(ii) Plaque reduction assay. Donor peritoneal cells (usually 5 x 106 cells) were mixed in 0.2 ml in soft agar as described above before adding to confluent cell monolayers in 35-mm tissue culture plates (Nunc). As described above, a second layer of soft agar was applied, the culture was incubated for 24 h, the agar containing donor peritoneal cells was removed, the cell monolayer was washed, and a given number of plaque forming units was added (2) .
RESULTS
Peritoneal macrophages develop permissivity for VSV and EMCV during in vitro culture. VSV and EMCV do not multiply in the vast majority of peritoneal macrophages freshly explanted from 4-to 7-week-old male or female mice (1) . However, when peritoneal macrophages were cultivated in vitro for 3 to 5 days, these cells became permissive for VSV (Fig. 1A) or EMCV (data not shown).
In another experiment we determined the development of permissivity to VSV and the level of 2-5A synthetase activity in peritoneal macrophages (DBA/2 mice) during the first 5 days of culture. As previously noted (14) , there was an excellent inverse correlation between the level of 2-5A synthetase activity in peritoneal macrophages and the permissivity of these cells for VSV. Thus, cultivation of macrophages in vitro for 5 days rendered these cells completely permissive for VSV and was associated with a 20-fold decrease in the level of 2-5A synthetase activity with respect to freshly explanted peritoneal macrophages (data not shown).
Freshly harvested peritoneal cells confer an antiviral state on underlying monolayer cultures of aged permissive macrophages. Cultivation of macrophages for 5 days rendered these cells permissive for VSV (Fig. 1B) . The addition of freshly harvested mouse peritoneal cells induced an antiviral state in the underlying macrophage monolayer which was clear cut after 7 h of cocultivation and became more pronounced thereafter (Fig. 1B) . . Cells were allowed to fix to the plastic culture dish at 37°C for 3 h, and nonadherent cells were discarded. At different days after cell seeding, peritoneal macrophages were infected with VSV, and virus yields were determined. There were three macrophage cultures for each experimental point. (B) Peritoneal cells were harvested from 6-week-old Swiss male mice, and peritoneal macrophages were cultivated in vitro for 5 days to render them permissive for VSV. Peritoneal cells (2.5 x 106, freshly harvested from the peritoneal cavity of 5-week-old Swiss male mice) were added in agar containing medium as described in Materials and Methods for different times of cocultivation. Agar and donor cells were removed, and the underlying peritoneal macrophages were infected with VSV. VSV yields were determined as described in Materials and Methods. There were three macrophage cultures for each point. Symbols: 0, in vitro-aged macrophage monolayer alone; *, peritoneal cells added to in vitro-aged macrophage monolayer. Table 2 shows the results of similar experiments in which peritoneal cells from different strains of mice were added to syngeneic in vitro-aged macrophage cultures permissive for VSV. In each instance, the addition of fresh peritoneal cells conferred an antiviral state (to VSV or EMCV) in the underlying monolayer cell culture. Induction of this antiviral state did not occur when antibody to interferon aol was included during the period of cocultivation (Table 2) . [1] [2] [3] [4] [5] [6] [7] antibody to interferon (x/ (1:1,000, final dilution).
In the experiments described above, a maximal antiviral state was conferred when freshly harvested peritoneal cells were cocultivated with permissive macrophage monolayer cell cultures for 12 to 18 h before removal of the peritoneal cells in the agar overlay (Fig. 1B) Peritoneal cells and thymocytes were explanted from 6-week-old Swiss male mice, and 5 x 106 cells were cocultivated with mouse embryo fibroblasts as described in Materials and Methods. In some cell cultures antibody to mouse interferon ox/p (sheep 1-7; final dilution, 1:500) was added. After 18 h at 37°C fibroblast monolayers were washed and further processed for VSV plaque assay. There were four dishes for each experimental condition.
b IFN, Interferon. ' Peritoneal macrophages (from 6-week-old Swiss male mice) cultivated in vitro for 4 days were treated with 2 x 106 peritoneal cells as indicated. After 18 h at 37'C peritoneal cells were removed, and cell monolayers were infected with VSV. There were three infected cell cultures for each group.
" Peritoneal macrophages (from 7-week-old Swiss male mice) cultivated in vitro for 4 days were treated with 2.5 x 106 peritoneal cells freshly harvested form 8-week-old Swiss male mice (either untreated or preinjected intraperitoneally with antibody to interferon 4 days before [sheep 1-7; diluted 1:10, 0.2 ml per mouse]). After 18 h at 37°C, peritoneal cells were removed, and cell monolayers were infected with VSV. There were three infected cell cultures for each group. Figure 2B illustrates (Table 5) . A rat monoclonal antibody to mouse interferon fi exerted some neutralizing effect, although this effect was much less marked than that afforded by the same number of neutralizing units of antibody to interferon ox/,. Figure 3 shows the relationship between the amount of neutralizing antibody of sheep 1-7 in the coculture and the extent of the antiviral state induced by donor peritoneal cells on monolayer cultures of mouse embryonic fibroblasts (Fig.  3A) and macrophages (Fig. 3B) . DISCUSSION Resting peritoneal macrophages from normal mice were resistant to VSV and EMCV in vivo (1) and when first placed in culture, as shown herein. The evidence indicating that interferon was responsible for this antiviral state may be summarized as follows. First, peritoneal macrophages taken from mice injected with antibody to mouse interferon ot/l (but not injected with control immunoglobulins) were fully permissive for these viruses (1) . Second, 2-5A synthetase activity was considered a sensitive marker of interferon activity (14) , and we found an excellent inverse correlation between the level of 2-5A synthetase activity of peritoneal macrophages and their permissivity for VSV (see above). Nevertheless, we have been unable to recover biologically active interferon in the peritoneum of normal mice or in the nutrient medium of cultures of peritoneal macrophages. Galabru and co-workers (in press) reported low levels of circulating interferon in 14 of 160 normal mice. The question remains, therefore, whether interferon is present in most normal mice and whether it is responsible for the seemingly inherent antiviral state of resting peritoneal macrophages and probably other cells of the normal mouse.
The following results presented herein argue strongly that interferon is responsible for this antiviral state.
(i) Mouse peritoneal cells are resistant to VSV and EMCV when first placed in culture and show high levels of 2-5A synthetase activity. After 4 to 5 days in culture these cells become permissive to these viruses, and the level of 2-SA synthetase activity declines.
(ii) Freshly harvested mouse peritoneal cells (and probably macrophages constitute the most effective population; Fig. 2B body to interferon ot/a greatly reduced the capacity of these macrophages to phagocytose opsonized erythrocytes. Furthermore, they demonstrated that this phagocytic activity could be transferred in coculture from C3H/HeN macrophages to macrophages from endotoxin-hyporesponsive C3H/HeJ mice and concluded that this effect was mediated by interferon (22) .
Although there is accumulating evidence that interferon is spontaneously expressed under some conditions in normal hunians (16) , rabbits (7), and mice (1, 11, 14, 15, 22 ; Galabru et al., in press), several important questions remain to be answered. As regards mice, do the peritoneal cells produce interferon or do they bind interferon which is produced elsewhere? Is interferon produced constitutively by a variety of host cells in normal mice, or is it continually induced because of the bacterial flora in mice in the alimentary canal as suggested by the experiments of Galabru et al. (in press)? Whatever the mechanism, the presence of low levels of interferon in normal animals appears to be an integral component in the host defense against viral infection. It may well be that these low levels of interferon before viral infection are far more important for the host than the much greater amounts of interferon which are produced in the course of viral infection. Likewise, it is possible that low levels of endogenous interferon also exert other effects in the animal, such as restricting the growth of neoplastic cells.
Thus, injection of mice with antibody to interferon ct/n markedly enhanced the tumorigenicity of xenogeneic (17) and syngeneic (11) tumor cells. It remains to be determined whether these low levels of interferon also play a role in regulating the function of certain host cells, as well as the expression of certain surface antigens, such as histocornpatibility antigens, which are known to be affected by exogenous interferon (10) . Our experimental results support a hypothesis proposed by Bocci (6) of a "physiological interferon response" which is manifested by the production of interferon "at specific sites" and which "can maintain active defense systems essential for survival."
